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Background: Liver transplantation (LT) is a complicated procedure with a high incidence of postoperative acute kidney injury (AKI).
Previous studies indicate that even transient or mild post-LT AKI can result in critical conditions, including prolonged stays in hospitals
and intensive care units and increased morbidity and mortality. The aim of this study was to investigate the association between body
mass index (BMI) and occurrence of AKl in LT recipients.

Methods: Medical data from 203 patients who received LT surgery from January 2010 to August 2016 in a single university hospital
setting were retrospectively collected and analyzed. Patients were classified as either underweight (BMI <20 kg/m?) or normal weight
(20 < BMI < 30 kg/m?). Demographic data, anesthetic methods, complications, and perioperative laboratory test values of each pa-
tient were assessed. Propensity analyses and logistic regression were performed to evaluate the association between BMI and post-LT
AKI.

Results: There was no significant difference in occurrence of post-LT AKI between underweight and normal weight patients. The un-
derweight patient group had significantly longer hospital stay compared with the normal weight patient group (P = 0.023).
Conclusions: BMI classification was neither a positive nor negative predictor of postoperative AKI occurrence. However, patients with
lower BMI had significantly longer hospital stay compared with their counterparts. Although our study was limited by its retrospective
design, our observations suggest that lower BMI might play a role in post-LT AKI.
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Introduction

Liver transplantation (LT) is currently the standard treatment for patients with end-stage liver disease. It is a complex
high-risk surgery with a high incidence of postoperative acute kidney injury (AKI), which is reported in 5% to 50% of
LT recipients [1]. Post-LT AKI etiology is thought to be multifactorial. In addition to the general risks associated with
any major operation, exposure to high levels of toxic free-radicals, renal ischemia, use of medications with nephrotoxic
properties, sepsis, surgery-related events including blood loss and hypotension, calcineurin inhibitor-induced vasocon-
striction, and the effects of end-stage liver disease on the kidney are all additional risks of LT [2,3]. Furthermore, pre-
existing hepatorenal syndrome, intravascular volume depletion, and infection can predispose patients to renal dysfunc-

tion prior to LT [4-6]. Therefore, changes in serum creatinine (sCr) are very common posttransplantation [1,7].
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In contrast to the conventional view of AKI progres-
sion—that complete recovery to former kidney function
is anticipated in a majority of patients—recent studies
have shown that patients who experience an AKI event
have a significant risk for advancement to chronic kid-
ney disease and even end-stage renal disease [8,9]. In a
systematic review and meta-analysis, Coca et al. [10] re-
ported that an AKI event increased the risk for develop-
ing chronic kidney disease by 8.8 times compared with
controls and patients with end-stage renal disease, whose
risk was increased 3.1 times [11]. Previous literature in-
dicates that even transient or mild post-LT AKI can result
in critical conditions, including prolonged intensive care
unit (ICU) or hospital stays and increased morbidity and
mortality, reported in up to 50% of patients. Additionally,
AKI occurring within the first 72 hours after LT has been
reported to be associated with decreased graft survival
[1,12].

Based on a recent study demonstrating that lower body
mass index (BMI) is an independent risk factor for renal

function deterioration [13], we hypothesized that lower
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BMI negatively affects postoperative renal function. The
aim of this retrospective study was to investigate the as-

sociation of BMI with AKI occurrence in LT recipients.

Materials and Methods

This retrospective study was approved by institutional
review board (No. 05-2016-111) of Pusan National Uni-
versity Yangsan Hospital. The medical records of 334
patients who had received LT from January 2010 to Au-
gust 2016 at Pusan National University Yangsan Hospital
were reviewed from our transplantation database.

A flow diagram of patients throughout the study is pre-
sented in Figure 1. Patients were excluded if they had un-
dergone repeat surgery or if there was any missing data on
weight, height, or short- and long-term outcomes. Patients
with pretransplant renal failure requiring renal replacement
therapy (RRT) were excluded because AKI development
was not in question in these patients. The final cohort con-

sisted of 203 patients. Patients were classified as under-

137 Excluded
20 Repeat surgery

i

EE——
29 ESRD with HD
82 Missing records
203 Study group
' JR—
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37 Underweight group
(BMI <20 kg/m?)

166 Normal weight group
(BMI >20 kg/m’)

l Figure 1. A flow diagram of the

l L Analysis

37 Analysed
0 Excluded from analysis

74 Analysed
92 Excluded from analysis (propensity
score matched)

progress through the study.
ESRD: end-stage renal disease;
HD: hemodialysis; BMI: body
mass index.
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weight (BMI <20 kg/m’), normal weight (20 < BMI < 30
kg/m?), or obese (BMI >30 kg/m’) based on previous stud-
ies [14,15]. BMI was calculated by dividing patient weight
in kilograms by the square of height in meters (kg/m”).

General anesthesia was induced using propofol, remi-
fentanil, and rocuronium or cisatracurium and was
maintained using inhaled anesthetic gas (sevoflurane or
desflurane), a 40% to 50% oxygen/air mixture, and con-
tinuous infusion with remifentanil and muscle relaxant.
Packed red blood cells were transfused during surgery to
maintain a hematocrit concentration of 25% to 30%. Al-
though epinephrine use was managed by a well-trained
anesthesiologist who was responsible for each case, the
first-line vasopressor during surgery was norepinephrine.
If norepinephrine was ineffective, dobutamine, vaso-
pressin, and epinephrine were considered. A calcineurin
inhibitor (cyclosporine or tacrolimus) and corticosteroids
were used as the primary immunosuppressive regimen.
Postoperatively, patients received infusions of prosta-
glandin E1 (0.01 pg/kg/min), methylprednisolone (125
mg/d), cyclophosphamide (2 mg/kg/d), and mycophe-
nolate mofetil (starting dose of 500 mg/d, followed by
maintenance dose of 1,000 mg/d). Standard monitoring
was applied to all patients, including electrocardiogram,
end-tidal CO, concentration, bispectral index, peripheral
O, saturation, cerebral blood oxygenation, and invasive
arterial monitoring from the radial and femoral arter-
ies. Subsequently, an oximetry central venous catheter
(PreSep; Edwards Lifesciences, Irvine, CA, USA) was
inserted and connected to an EV1000 monitoring plat-
form (Edwards Lifesciences) to monitor cardiac output,
cardiac index, stroke volume, stroke volume index,
central venous oxygen saturation, and systemic vascular
resistance index; these parameters were used to evaluate
fluid and circulatory management.

Data were collected at three time points: preopera-
tive, intraoperative, and postoperative. The following
preoperative data were included: patient demographics,
etiology of end-stage liver disease, Model for End-Stage
Liver Disease (MELD) score, Child-Pugh score, medica-

tions that potentially affect kidney function, preoperative

comorbidities, and laboratory data. Intraoperative data
included anesthesia duration, estimated blood loss, epi-
nephrine use, and development of postreperfusion syn-
drome. Total volume of fluid intake, volume and type of
blood products used, and urine output were also included
in the analyses. Postoperative data included ICU and to-
tal hospital stay, application of RRT, survival at 6-month
post-LT, and daily sCr for the first 48 hours after LT,
which was used to diagnose AKI.

The presence or absence of AKI in the postoperative pe-
riod was determined according to the Acute Kidney Injury
Network (AKIN) criteria, which classify severity using the
following system: stage 1: sCr increase 1.5 times greater
than baseline, sCr >0.3 mg/dl, or decreased urine output
<0.5 ml/kg/h for at least 6 hours; stage 2: >2-fold increase
in sCr from baseline or urine output <0.5 ml/kg/h for at
least 12 hours; stage 3: more than 3-fold increase in sCr
from baseline or sCr >4 mg/dl, acutely increased by more
than 0.5 mg/dl, decreased urine output <0.3 ml/kg/h for at
least 24 hours, or anuria for more than 12 hours. Patients
were considered to have stage-3 AKI if RRT was intro-
duced [16]. AKI was diagnosed within 48 hours postop-
eratively in this study.

To minimize selection bias before comparing the un-
derweight and normal weight groups, propensity score
matching was utilized. Propensity score was calculated
as the odds of a subject receiving treatment based on the
subject’s covariate profile. To generate propensity score-
matched pairs without replacement, each underweight
patient was matched with two normal weight patients un-
dergoing LT. Patient characteristics, including age, sex,
cause of LT, MELD score, Child-Pugh score, presence of
preoperative ascites, hepatic encephalopathy, esophageal
varix, hepatorenal syndrome, preoperative medications,
and underlying systemic diseases, were all variables
included in propensity score matching. Continuous vari-
ables were expressed as mean =+ standard deviation, and
categorical variables were expressed as number and per-
centage. Between-group differences in continuous vari-
ables were compared with Student t-test or Mann-Whit-

ney test, and differences in categorical variables were

https://doi.org/10.4266/kjccm.2017.00178



268 The Korean Journal of Critical Care Medicine: Vol. 32, No. 3, August 2017

compared with the chi-square test or Fisher exact test, Results

as appropriate. Data analysis was performed using IBM

SPSS version 21.0 (IBM Corp., Armonk, NY, USA), and The final dataset included 203 patients, 37 in the un-
a P-value <0.05 was considered statistically significant. derweight group (BMI <20 kg/m®) and 166 in the normal

Table 1. Patient characteristics

weight group (20 < BMI < 30 kg/m®). There were only
five patients classified as obese (BMI >30 kg/m’). Unfor-

tunately, all five patients in the obese group were initially

BMI <20 kg/m* BMI >20 kg/m® BMI >20 kg/m®

Characteristic (n=37) (n = 166) (n = 74y P-value?
Age (yr) 53.68 + 8.91 5339 +7.87 54.38 +7.33 0.66
Sex (female : male) 11(29.7) : 26 (70.3) 48 (28.9) : 118 (71.1) 16 (21.6) : 58 (78.4) 0.35
Cause of LT 0.72

HBV 4 (48.6) 99 (59.6) 39 (62.7)

HBV & HCV 0 6 (3.6) 0

HCV 4(10.8) 18 (10.8) 8(10.8)

Autoimmune hepatitis 5(13.5) 13(7.8) 5(6.8)

Alcholics 8 (21.6) 27 (16.3) 20 (27.0)

Primary biliary cirrhosis 2 (6.4 3(1.8) 2.7
DDLT : LDLT 18 (48.6) : 19 (61.4) 45 (27.1) 1121 (72.9) 24 (32.4) : 50 (67.6) 0.10
MELD score 17.49 +9.17 15.65 +9.43 16.77 £ 8.11 0.68
Child-Pugh score 0.79

A 7(18.9) 78 (47.0) 8(24.3)

B 12 (32.4) 35 (21.1) 24 (32.4)

C 18 (48.6) 53 (31.9) 32 (43.2)
Ascites 12 (32.4) 40 (24.1) 24 (32.4) 1
Hepatic encephalopathy 4(10.8) 20(12.0) 9(12.2) 1
Esophageal varix 7(18.9) 22 (13.3) 16 (21.6) 0.74
HRS 4(10.8) 8(4.8) 4 (5.4) 0.44
Preop medication

Diuretics 9(24.3) 27 (16.3) 18 (24.3) 1

Insulin 1(2.7) 5(3.0) 3(4.1) 1

NSAID 0 0 0 0

ARB 0 0 0 0

ACEi 0 0 0 0

B-blocker 0 1(0.6) 0 0
Hypertension 9(24.3) 29 (17.5) 14(18.9) 0.51
Diabetes mellitus 11 (29.7) 37 (29.7) 21 (28.4) 0.88

Values are presented as mean =+ standard deviation or number (%).

BMI: body mass index; LT: liver transplantation; HBV: hepatitis B virus; HCV: hepatitis C virus; DDLT: deceased-donor liver transplantation; LDLT: living-donor liver trans-
plantation; MELD: Model for End-Stage Liver Disease; HRS: hepatorenal syndrome; Preop: preoperative; NSAID: nonsteroidal anti-inflammatory drug; ARB: angiotensin
receptor blocker; ACE:: angiotensin converting enzyme inhibitor.

“Propensity score matched values.
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excluded due to incomplete medical records.

All patient demographic and medical data used in the
analysis are listed in Table 1. There was a significant
difference in the number of patients who received either
deceased-donor LT or living-donor LT between the two
groups (P = 0.01). After propensity adjustment, the two
groups did not differ in any of the patient characteristics.

Preoperative laboratory data are shown in Table 2.
There was significant difference in preoperative hemo-
globin level between the two patient groups (P = 0.01),

without any differences in preoperative liver function,

Table 2. Preoperative laboratory data

electrolytes, sCr, or glucose tests. After propensity ad-
justment, the two groups did not differ in any of the pre-
operative laboratory data listed in Table 2.

Patient perioperative factors, including anesthesia dura-
tion, estimated blood loss, total volume of fluid intake,
transfusion volume per blood product, postreperfusion
syndrome occurrence, epinephrine use, and urine output,
are listed in Table 3. There were no differences in anes-
thesia duration or fluid balance between the two groups
before or after propensity adjustments.

AKI occurred in 35.1% of patients (n = 13) in the un-

BMI <20 kg/m?

BMI >20 kg/m’

BMI =20 kg/m’

Variable (n=37) (n= 166) (n =74 P-value®
Hb (g/dl) 1026 +2.13 11.23+2.15 10.57 +2.00 0.45
AST (U/L) 59.59 + 43.44 65.15 +70.95 57.41 + 36.53 0.78
ALT (IUL) 33.16 + 25.01 54.41 + 43.44 32.53 +21.89 0.89
Bilirubin (mg/dl) 7.37 +9.48 7.00+ 1152 6.75 + 9.60 0.75
Protein (g/dl) 565 +1.29 6.61+1.77 582 +0.75 0.46
Albumin (g/d) 3.86 + 0.66 3.15+0.57 3.08 +0.50 0.31
Na (mEa/L) 136.73 +4.70 136.41 +15.70 136.84 + 5.26 092
K (mEg/L) 3.90 + 0.41 4,66 +1.76 3.98 + 0.54 0.45
Creatinine (mg/dI) 0.77 +0.28 091 +0.71 0.84 +0.46 0.40
Glucose (mg/dl) 125,57 + 32.72 132.39 + 83.48 124.84 + 30.36 0.91
Values are presented as mean + standard deviation.
BMI: body mass index; Hb: hemoglobin; AST: aspartate transaminase; ALT: alanine transaminase; Na: sodium; K: potassium.
“Propensity score matched values.
Table 3. Patients’ perioperative factors
Variable BMI <20 kg/m? (n = 37) BMI =20 kg/m’ (n = 166) BMI =20 kg/m?(n = 74)° P-value®
Anesthetic time (h) 10.69 + 3.19 11.68+29 11.01+213 0.53
EBL (ml) 3,348.14 + 2,252.94 3,797.89 + 4,084.78 3,348.14 + 3,276.32 0.39
Total fluid intake (units) 8,268.19 + 6,198.81 9,297.12 + 5,465.31 3,811.49 + 3,276.32 0.62
pRBC 6 (0-25) 7 (0-93) 8 (0-37)
FFP 5 (2-21) 8 (1-75) 0 (2-35)
Cryo 0 (5-13) 8 (6-32) 6 (5-16)
PLT 2 (0-20) 8 (0-40) 8(0-32)
Postreperfusion syndrome 2 (86.5) 155 (93.4) 69 (93.2) 0.33
Epinephrine during reperfusion 1(83.8) 147 (88.6) 68(91.9) 0.37
Urine (ml) 817.49 + 630.56 995.81 + 812.73 862.32 + 765.56 0.60

Values are presented as mean + standard deviation, mean (range), or number (%).
BMI: body mass index; EBL: estimated blood loss; pRBC: packed red blood cells; FFP: fresh frozen plasma; Cryo: cryoprecipitate; PLT: platelet.

“Propensity score matched values.
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Table 4. Effect of BMI on postoperative AKI in LT recipients

Variable BMI <20 kg/m?(n = 37) BMI =20 kg/m?(n = 74)° P-value®
All patients
AKl'incidence 13 (35.1) 30 (40.5) 0.58
AKIN stage 0.43
0 (no AKI) 24 (64.9) 44 (59.5)
1 10 (27.0) 23 (31.1)
2 2 (5.4) 7(9.5)
3 1(2.7) 0
Within normal range of sCr
AKl incidence 13 (35.1) 27 (36.5) 0.27
AKIN stage 0.36
0 (no AKI) 23(62.2) 38 (51.4)
1 10 (27.0) 20 (27.0)
2 2 (5.4) 7(9.5)
3 12.7) 0

Values are presented as number (%).
BMI: body mass index; AKI: acute kidney injury; LT: liver transplantation; AKIN: Acute Kidney Injury Network; sCr: serum creatinine.
“Propensity score matched values.

Table 5. Postoperative outcomes

Variable BMI <20 kg/m?(n = 37) BMI =20 kg/m?(n = 74)° P-value®
ICU stay (d) 12,41 +10.96 100+88 0.27
Hospital stay (d)” 35 (14-222) 26 (15-110) 0.02°
RRT 1@2.7) 3(4.1) 1
Death 2 (5.4 2(2.7) 0.60

Values are presented as mean + standard deviation, mean (range), or number (%).
BMI: body mass index; ICU: intensive care unit; RRT: renal replacement therapy.
*Propensity score matched values: "Days from operation to discharge; °P < 0.05.

derweight group and 40.5% of patients (n = 30) in the group had significantly longer hospital stay (from opera-
normal weight group (Table 4), which was not a statisti- tion to discharge) compared to the normal weight group
cally significant difference. Furthermore, there were no (35 days [range, 14 to 222 days] vs. 26 days [range, 15
differences in AKI incidence among the whole cohort or to 110 days]; P = 0.02). There was no significant differ-

between the two groups according to renal dysfunction se- ence in the duration of ICU stay. The number of patients
verity among patients with postoperative AKI. In patients on RRT, including postoperative hemodialysis, and the
with normal preoperative sCr level, postoperative AKI number of patients who died during follow-up were very
according to the AKIN criteria occurred in 35.1% (n = 13) low in each group, and the differences were not signifi-

of patients in the underweight group and 36.5% (n = 27) cant between the two groups (Table 5).
in the normal weight group. In comparing the two groups,

there was no significant difference in AKI incidence or a

significant difference in renal dysfunction severity among Discussion
those patients who developed postoperative AKI.

Regarding postoperative outcomes, the underweight In this retrospective review of LT recipients, BMI clas-

https://doi.org/10.4266/kjccm.2017.00178



sification was neither a positive nor negative predictor of
postoperative AKI occurrence. However, patients with
lower BMI had significantly longer hospital stay com-
pared with their counterparts.

The term AKI is used to describe a type of renal dys-
function that progress rapidly, within hours or days,
leading to accumulation of plasma urea and creatinine.
Perioperative AKI is a fairly common condition, affect-
ing 30% to 40% of all patients with AKI during hospi-
talization, and is associated with increased risk of sepsis,
anemia, coagulopathy, cardiovascular events, and me-
chanical ventilation, which in turn increases morbidity,
mortality, and cost [17,18]. Unlike the traditional belief
that most patients with AKI will fully recover to baseline
renal status, recent studies have suggested a significant
association between AKI and chronic kidney disease
[8,9]. The crude mortality rates among patients who de-
veloped AKI after major surgery can be as high as 50%
to 60%, accounting for nearly half of the overall deaths
during hospitalization [3]. AKI is also known to induce
distant organ damage, including pulmonary insufficiency,
which can lead to increased difficulty in weaning from
mechanical ventilation, and liver, cardiac, or cerebral
dysfunction, which in turn contributes to up to 50% of
post-LT mortality [19].

With every major surgery, there is a risk of mechanical
obstruction or reduction in effective blood volume. Hy-
povolemia, low systemic vascular resistance due to anes-
thesia or caval compression, and iatrogenic injury to the
renal system are all common occurrences during surgery
that can cause renal-system damage [17]. Post-LT AKI
occurs much more commonly than AKI in the rest of the
surgical population, affecting 12% to 94% of patients
[20]. The reported incidence is highly variable, but it en-
compasses the incidence observed in this study (30.54%).
Different definitions, case mixing, and AKI severity and
location contribute significantly to the variability of in-
cidence in previous studies, complicating interpretation
and comparison of results [3,21-23]. The AKI incidence
estimated for post-LT patients according to different
definitions is sCr >0.5 mg/dl is 78%; sCr >1.0 mg/dL is
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46%; or sCr >50% from baseline to >2 mg/dl is 14% [18].
Another study compared AKI incidence in LT patients
according to the classification system used: RIFLE (Risk,
Injury, Failure, Loss, and End-Stage Renal Failure), 8.0%;
AKIN, 14.31%; and KDIGO (Kidney Disease: Improv-
ing Global Outcomes), 14.54% [20].

Numerous factors account for the development of post-
LT AKI, including female sex, high Child-Pugh score,
pre-existing diabetes mellitus, and a greater number of
units of transfusion of blood products [12]. BMI differ-
ence has also been considered as an independent risk
factor for postoperative AKI, especially in relation to co-
morbidities, such as metabolic syndrome, hypertension,
diabetes mellitus, and coronary artery disease. However,
recent studies have relied on a phenomenon known as
“reverse epidemiology,” in which reduced morbidity and
mortality rates are observed with differences in BMI.
Accordingly, a CKD cohort study by Ricardo et al. [24]
found that BMI <20 kg/m” was associated with higher
risk of all-cause mortality. After the concept was first in-
troduced in patients undergoing hemodialysis, this idea has
been extensively studied and verified in other subgroups in-
cluding geriatric populations in nursing homes, hospitalized
patients, and patients with malignancy [25-28]. The causal
pathway between BMI differences and improved clinical
outcomes remains uncertain. A large animal model of
post-cardiopulmonary bypass AKI in swine suggested that
renal inflammation, endothelial dysfunction, and refrac-
tory cellular hypoxia are central features of AKI [29-32].
The association between BMI difference and AKI was
thought to be due to attenuation of the inflammatory re-
sponse [29-34]. Another study implied that renal protec-
tion was attributable to exacerbated renal inflammation,
which could be due to a high-fat diet [35]. A recent study
by Ouyang et al. [13] demonstrated that lower BMI is an
independent risk factor for renal function deterioration
due to under-nourished status and decreased complement
component 3 level. Also, it was assumed that additional
protein wasting might be worse tolerated in the under-
weight group due to low protein reserves [13]. This idea

was the motivating hypothesis for this study and, thus,
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is why we classified and analyzed patients according to
BMI. However, lower BMI did not correlate with AKI

occurrence in post-LT patients, although it significantly L.

increased hospital stay. Although the incidence of pul-
monary complications in the two groups was comparable

(4/37 vs. 5/74), the duration was longer in the under-

weight group, albeit not significantly so. This tendency 2.

could have influenced the longer hospital stay in patients
with lower BMI.

This study has some limitations. Our results should

be interpreted with caution given the small sample size 3.

and uneven BMI distribution of the sample population.

Despite our best efforts to avoid any biases, this study’s 4.

retrospective nature could have introduced biases that
could have limited our ability to identify and analyze
various confounding factors. Additionally, had we been

able to include obese patients (BMI >30 kg/m”), our re-

sults could have been different. Unfortunately, this was 5.

not possible due to loss of medical records in the small
number of obese patients present in the initial cohort.

In conclusion, our findings did not show an association
between BMI and post-LT AKI. However, LT recipients

with lower BMI exhibited significantly longer hospital 6.

stay compared with their counterparts. A larger sample
size, especially an adequate cohort of obese patients,

might offer new insights for future research. Future stud-

ies should include additional endpoints such as long-term 7.

renal function as measured by sCr, glomerular filtration
rate, as well as graft and patient survival. Long-term fol-

low-up (e.g., 5 years or longer) is necessary because AKI

can take a long time to affect graft and patient survival in 8.

LT recipients.
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